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(57) A plasma etch reactor having mieror surfaces 
lacing the plasma composed ol boron carbide prelera- 
biy principally composed ol B4C The boron carbide may 
be ^ bulk smiered body or may be a layer ol boron car- 
bide coaled on a chcinnbef pan The boron carbtde coat- 
ing may be applied by thermal sprayng such as plasma 
spraying bychemcai vapor deposition or by other layer 
forming technique such as a surface convenng reac- 
tion The boron carbide is highly resistant to high-density 
piasrrifs eicnanis such as BCh The plasma sprayec 



coating ts advantageously applied to on^y a ponton o» 
an anodized aluminum wall The boron caroide may be 
sprayed over the exposed portion ol the aluminum ove' 
which ihe anodi/aiion has been remove<i A b^nc ol ine 
aluminum substrate at the transition between me crno- 
dizalton and the boron carbide is roughened prior 10 an- 
odization so that the boron carbide sticKs 10 the corre- 
spondingly roughened surface ol the anodizaion Alter- 
natively the entire wall area ol the anodi/ed alumtnurr. 
to be coaled is rougnened ana ine ocr:«r cr-fb de s 
sprayed over the anooyalion 
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nc »ivOnl.O.. .CIMCS COC^IIy lO (J.^snv, .c^ciO.S .no incn -OCC- .lOo In d^M.C.^U. in- „wcnh0.i .C^.CS - - - 

comoos.i«.i ol p^ns ol Ihc Cf^mt>o. t^.nq inc ottsm. .n «n cicn rc^cio. .1 p-,fi,cuu, oi bcci c^-o-oc 

D. V oiHS.ti^ cicn.na .s the O'dcccJ D'occss to. oicr^.-.Q ic.iu.cs o.-. s.ico.. w^ic r.HVB.Q scn.c >^aucio. »iir j. „r-- 
c.fcu,.soHnwiiiydcvclopca.n.i Typ«:.„y 0.10 mofCDMo.. UyofSH.cacDcsMcdovc. ihcD.evous.v aci.nc- sucs -.r' 
^no Uycr Ol OholOfCS.SI m^sk o. ^ h^fcl -n.sk -s acoosnco ovc. ino our.., i^yc.s ^na p^ncrocc .0 ic^vc «pc.. 
cxocs.nq DOrLons o! ino pun., uycrs An ci:-.,nq .am.iico .mo inc cicn.nq ,o.cior ,s men cxcicc -n.c ^ Oi.s-r- 
suic nno ,1 acts on ine ponons ol inc pun., uycs c«posca by ihc m.^: 10 ,o,r^^o ihose oxpcsco poriKjns Tn".. 
pl;isrTV, eicninq process has proved 10 be very cilocnvo cJoLninq e»i.emciv sm^li le^iurcs w.ir, ,ow orocucior 
dcieienous panicles - uuut.K^r. ^ 

Tr>el.eldolpt.sm«eicr„ng,siyD.CHilya.v<JeaHmonqs,l,conoicninq o..ao oicnmq i,nd mewi eicn,ng E-^cn.jSP- 
IIS P'eierred chem.slfy and presents -is own proeiems However many proDiems nre commor. ^moog mem .nc 
eicr.,n5 cnnmoers oeCcHted 10 o.tlercni ones ot the uses tend to resemo.e e<*ch cxher Such convnonHi.ty ol dcsior. 
oilers ^n OppOflunily lor Siivings 7 v» m 

The rrvjsi prevalent use ol metal etching ,s to delme miercoonects Mnd -iccomp^nying coniHcts or vws) in h uv-: 
0» ^lom»iom Of aluminum alloy deposited over an mieri^yer d.eiecir,c Once mo qenerally planar aium.nurr, layer ha's 
been deposited over the .nteriayer dielectric and into the contact or via noies a photomask .s deposited and detmed 
over me aluminum layer Then an etching gas is admitted mto the plasma eicn chamber and excited into the ptasriia 
state It has long been Known that a chlonne -based chemistry is otfective ai etching aiummom See lor example U 
S Patent 5 387 556 to Xiaobmg et al Gaseous hydrochloric acid (HCl) is the proioiypical chiofuie-based etcr«,ni 
However HCl IS no longer considered the optmum aluminum etchant 

Aluminum quickly forms an overlying layer Ot a native oxide o( alumma i AUO,) and related materials lormriq a 
fesK3ue over the metallic aluminum being etched Alumma is a very stable mate'nal and resistant to reductive break- 
down even by HCl For these reasons a plasma etch o( SCI3 olten m con|unciion with HCl Of Ci, is often usee <0f 
etching aluminum and us alloys Wang et al m U S Patent 5 219 465 use a similaf Chemistry to etch s.lic.des m order 
10 avoid residues irom the sileide etch 

However the use o( a powertui etchant like BCI3 introduces a problem originating from the laci ihai the chamb»r 
IS most economicalty made ol aluminum lor example the alloy A16O61-T0 The seminal problem ,s that a ch«moer 
nav:ng an aluminum body and which is used lor etching aluminum must balance the etch«ig ol the alummum portico 
01 the substrate against the etching o( the chamber body The physical mteqniy ot the aluminum chamber ,s not as 
important as the lact that the etchmg ol the aluminum chamber is likely to produce alummum^ased particles that 
deietenousiy.lali on the waler and reduces its y«ld o( (unclicniog integrated circuits That is the chamber wall r a 
plasrra reactor intended lor aluminum etching must not be composed ol raw aluminum 

For these reasons il has be«n knowf> to coat the wall oJ a plasma reactor lof metal etchmg with an etch^esistant 
coating Steger descrrtjes such an approach u S Patent 5 268 200 m which a protectivfe coating o» an electrKally 
conductive hydrogen-contammg layer is deposited on the aluminum wall Another more typical approach is to coal the 
aluminum body with a surface layer ol alumina -This surface coating ol alumina is usually achieved by anodizalcn ol 
the under1y«ig aluminum Flaw aluminum quckly forms with a native oxide ol AU,0. to thickness ol about 2 5nm How- 
ever (unher increases m the oxide thickness are quickly .nmbited by the robustness ol the aluminum oxide layer 
Eteciroiytc anodizaiion of the aluminum body easily increases the alumm. thickness to 25 to 75 tim Anodizatior, d 
alum.n.jm ano alummum-based alloys ,s well Known Typically the Hiom.num oooy is suomerqed ,n a oatn ol electrolyte 
tor siamole ol 15 vcPo soi.ion o( H,SO, ano me aluminum oody is connecied as an anooe to one terminal 01 ar 
cie:;.-.cai oower supply while a cathode submersed m the electrolyte .s corinecied to the other lerm.nal Thereby me 
aiur-.r.um ,s eleclrolytcally oxidized by applying DC current The lirsi layer ot . lew tens ol nanometers ol anod./aior, 
presents a relatively dense barrier However lunher increases .n i,-,e .noo./..icn imckness produces a relatively coro-.s 
maier.ai Pore si^e can be reduced by reoucng ihe temoerature ol >ne anoo./ation bath but inevitably the mickcr 
ancG.^aiioos lack me robustness ol a native hluminum oxide layer or me in;!,ai oamer layer 

Anooizeo aluminum has been an ob|ec! 01 much development lor .is use ,n ousma reactors oamcularly m-iai 
etcr. .eaciors The lunoameniai ob|ective has been .0 reduce me eicn.nc oi me anodi^ed aluminum chamber w^H 
re:a:.vs 10 me eicn.ng ol me aiumma-based rescues resulting Irom me eicmnq oi me alummum i.n^s P-cn.ng -1 t-- 
^rcc/ec -.lurr.o.jr- wall ,n a metal etch reac-.or .s a particular problem s.rce nnooi/ed ai.jmmum 5 lunaame,-.;.-,- 
dlumma and BCl, is oeing used lor us ellective rerr.ovai ol alumma 

T.ie reaction ol SCl-. and AI3O-. is exome'mic lollowmg me reaction 
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i^vci lA/ouia ocirvici :c mo«c ics«&i/ini Jocicriing fCMiivc lO'i JCStOuco*"* inc aluminum bomg cicnca nx) wouio *i;»>n.- • 
rooucc WHic» uo*i^c* ri ihc /ilumm^ which comoiic^nics iis use msioc 'i v/^cuum chhitidci M^iny /iiicfiiois h^vc DOC' 
mrtdc 10 iinpiovc ir.-: 3u/Hliiy oi mc niodi/cd Uycr O^c sucn ^oo^oicn uses noi ocon»/od jO< i ^MCf »n mc ^ncxji/'inc 
piocoaS so IS 10 SC-. '.Hc -^noot/cd irtVCf wiiH H UyCf ol Doonmiie f AOOH t wntcf' lorms ^ccofOing lo ihc ic^icnc* 

Bocnmiic is chofniC'-»v stHOto m ihe presence ol BCI-. hs seen by ihe fcaciion 

2AIOOH . 2BCL - 24/C/-. . S^O- * H^O JiG'" ^.39r 03 Acrtimo/) |3. 

Put bocnnnile is noiis n^rd m^iienr^l and is not siaDie due lo dehydraion While ine reaclton is uselul tor lilling ihe pores 
ol Ihe anodi/ed <iiur-.r»unn ihe not oeoni^cd water seating alter anodt/aiion is msuWicieni (or ihe preseni needs 

The requiremer.{s lor a cor ros on- resistant coatirig have mtensihed recently with the miroduction of plasma eich 
reactors utilising hto-'-density plasmas Htgh-densiiy ptasma (HDPi reactors have been recently developed lor a 
number of processes Generally a rugh-density plasma is detineo as one having an onized plasma density o! greater 
than iO"cm-^ An example ol an HDP metal-etch reactor is the Decoupled PlasfT\a Source (DPS) Metal Etch Chamoer 
available from Appited Materials inc of Santa Clara California Tepman et ai have described an early version ol the 
DPS reactor chambe- m U S Patent Applcaion Serial No 06/296 043 hied August 23 1994 and mcorpocated herein 
by reference The corresponding European application has been published as European Patent Applcation 
696 915-A1 The mecnanical structure has changed somewhat in the commercial verson ol the DPS chamber 

A schemaic receseniaion ol the commercial DPS chamber is illustrated m the cross -sectonal view of FIG ^ A 
upper main process ng companmeni ^Q is bounded by a curved ceramic dome 12 an upper housing 14 lo vvhch the 
ceramic dome i2 is sealed and a movable pedestal wall i6 that is vertically movable lo engage arxj seal with»n ar. 
lowardiy extending a-^nular shell 15 of the upper housing 14 The upper housing 14 rests on and ts sealed to a lower 
housing 20 and a t^.iows 22 is sealed lo the bottom of the lower housing 20 and to a stem 24 extending downwardly 
from the pedestal wall 16 An electrode 19 may be included al the center of the dome 12 A lower compartment 26 is 
delined generally by the walls of the lower housng 20 and the lower edge of the annular shelf i8 During plasma 
processing. Ihe mov?ible pedestal wall 1 6 seals the upper compartment 10 from the lower compartment 22 by engaging 
ana sealing the anr jiar shelf 15 of the upper housing 14 

A vertical aciuaior 28 connected lo the bcxiom of the stem 24 can nriove Ihe pedestal wall 16 into and out oi 
engaqemeni with the annular shelf 16 An uniHustraied robot blade can transfer a wafer 30 into ihe lower compartment 
through a loadkxk sitt 32 in the lower housing 20 and its umllustraled sia valve when the vertical actuator 29 has 
lowered the pedestal wall 16 to a position to receive the wafer X on its upper surface The ped€$lal wall 16 typically 
includes an elect ros'Ji tic chuck to selectively hold* the wafer 30 by etecirostatic attraction exerted by an electrical signal 
.-:Opi!ec to Ihe cnuc After the wafer has been deposited on the peaesta» wall 16 the vertical aciuaior 25 ratses thc- 
pedesL^i wall i6 sc .-dt it seals me upper compartment iO and places the walor witnm the upper companmeni 10 

Tne upoer nous -g 1 4 also includes a turbo port 35 connecting to an integral pumping slack 40 A vacuum pump«nc: 
systerr. 42 maiec a the Dotlom of a pumping stack 40 pumps the upper compartment 10 as well as the lower corr.- 
panmeni 26 wnen • s opened lo the upper compcinmeni iO A poooei valve 44 nxed to the upper housing i4 over iho 
pumpsnq siacK 40 selecuveiy isolate the upper companmeni iO from tne vacuum pumping system 42 

Processtng.gas which for aluminum etching tyoically includes BCi^ is injecteo mio ihe sealed upper comparinnoni 
10 tnrough a Diurais:. lypicaNy tour of unilluslraied gas no/zles iixed to tne raoiaiiy inner ends of respective gas ontices 
45 cer^etrdting the -^icer housing ^ 4 near :ts top RF DOwer is applied tc an inductive coil 46 wrapped around the cur^-'ec 
dome j2 so as to -rate a high-densiiy plasma of the processing gas wiih the upoer compciriment 10 RF power is 
also applied to the :rdesial wall i6 and possibly to a counter electrode fixed >n the curveo come 1 2 so as to bias ine 
piasrTirt to eliect ir,r cesired eicnmg of the wafer 

'^^0 jppef hC'-5 ^.g 14 as more cleany 'llustraiec in me perspective view ct ^IG 2 is ci large com.plexly snapec 
pan rav-ng ponws -lat are relatively inaccessible As long as u can oe lormec of aluminum alloys its manufaciunnc 
cost can be Kept ica despite as complex shape and u is relatively ensy to ^nodi^e because anodizaton is a wet 

Oroce55 

However it has reen founc ihai the use ol a hign-dens ty 3CU. oi-^sma mionsifies tne problem with chamber wahs 
of anccizea aiumir.-^ A relatively nigh aiumma eicn rale h^s ocen ocserveo tn n circumierennai oana of me cnamoe* 



in^l vv.in .>c.'->-il «no0./^l'O.'S Ihc -..100./ -.!</■ :S COac ^W«v " SOOIS wim.n , *co. 01 SIC-<JV use Al in., 00..11 ^ 
OOflon 01 inc cr>rtinoc' nccas 10 oc icpucc-c 

We pe.iofmco lesis 10 dcicfmrnc qu^insiMiivc crosKXi mics on coupons 4S, .HusuhIco .n FIG 3 01 -moai/co 
^lominom puccd .010 Ihc DPS cn^moer ^1 v-,fOus pUccs nsKJc mc oonrv i? on mc ctvwrcc- w^li m nc-,. tnc lu-oc 
DOM 3c -.no ^iirtooqn not iiluSK^iiec on inc scdosMi 16 nioo aluminum n.iroc Oummy wntot 30 Tnc cn^rnocr w^s 
. un w.lh « sl-^naHfO COmmcfCwl fCCOC incluO-nQ BCU Cu rrtXJ Ar lof 360 m.nuics «.in mc RF lurncO on for ?40 .n.nulcs 
01 mis lime Tne unea numoers ^re ^noa./-.:on erosw frtics .n mus per nou: Tnc mrtximufr. erosion occunca hi mc 
lop oi mc cn^.nbcr w^iii rtd(HCcni 10 ihc luroc oon 36 Hi whch pomi ihc rtnoc./-,ion erosion r^ie whs meHSured 10 be 
3 3iim per nout ho urwccepiaDty nign rxie 

II hrts Doen lound that the rtiomiroi etcr rale m n high^iensiiy BC^ pbis^A can be reduced by mciudinq some 
n.iroQon .n mc oich processing qas A ser«s oi lesis used a oas (low nav.ng nci.ve componems o( hdooi QOsccrD oi 
Cu HDoui75sccmolBCl:. nnddooui 40sc'.~, ol Ar .n ^ hign-dens.iy piasmn reactor W.ihooi ;iny n.irogen nnodi/anon 
cros-on r^ies oi up lo beiween 0 57 lo 1 4i,rvtir were measured However with me ^ddiioo of between 5 10 20sccm 
oi N, me erosion rale was reduced to bei»»een 75 10 i30orrVhr 

However the addition ol nnrogen to me eiching gj,s .s d«iavof ed lof ai leasi iwo reasons The addition ol any gas 
lor H non-eicning purpose compi.cHies the 0pt1m.2a1.0n process lor the etch.ng A good commercial process requires 
a wide process window lor pressure lomperaiure gas flow etc lo assure uniiormity and reoeaiab.l.ty in the etching 
Almost inev.iably a rrxjre complex gas reduces the process window Furtherrrxxe nnrogen nas been obsen/ed in a 
chiorine-Kisea etch process to cause a bu.io up ot deposits 00 me chamber wall The build up needs to be percdicaiiy 
removeo by manual doan.ng Such cleaning reduces throughput requires operator time and may ilsell introduce 
particles into the chamber 

Channoer erosion n plasma etch reactors is an old proWem and much development work has been devoted lo 
improved and new maierais However we r^ve lound that the conveniwiai available materials exhibit unacceptably 
high eroson rates m the environment o( a mgh^Jensity BCt, and Clj plasrra Several coupons o( drflereni materials 
were tested under the same conditions as given above lor the anoduaiion tests The resuls are shown in TABLE 1 
where the weight loss is rneasured for slanoard si£ed coupons 



TABLE 1 



Material 


Manolactufer 


WejgfK Loss {%) 


Alumma Type 1 


A 


0 112 


Aiumra Type 2 


A 


0 256 


Atumma 


B 


0 262 


Titan la 


C 


0 373 


Silcon CarbKie 


D 


0 239 


Silicon Carbide irnproved 


0 


0 275 


S.=*pphife 




0 3Q3 



These resusis snow thai standard techniques of protecting the wan are not : 
Acccrdingiy an ooieci ol the inventicr -s to find a durable rr.aienal lo 
readers 

In the -nveniion the wall or other con-ic<:^.eni m a plasma reactor has ^\ 

compcsec oJ Doron carbide preferably prrcommanily ByC Tne boron car: 
3e a surtace layer coated on a gross men-.cer Advantageously the bo^on c 

A surtace d boron carbide is paaicuiar-. jseful as a wall m a oiasma etc 
=ss the etcr.ant lor aluminum-based maler;^ s and the uiiliiy increases ic^ 

Erosion rates are strongly dependent ^oon posuion w.in^ me chamoe 
tocaiions 

Due to tr.e variation ol eroson rates the coron caroice coaung or bulk par 
exhibiting !»"e highest eroson 

Boron carbide IS preferably thermally scrayed onto a su.-iace of atijm:r 
Nonetne-ess Doron carDoe can oe e**1ect'vr:y sprayec on.:c- -n anoaizaticr. 
ened cr»cr the anocizatton When the Or.- zi tne anoci/-::. r-r $ ^emcvec ' 
aluminum surrounding the transition is pre'eraoiy roughenec or«cr !o anoaizi 



i::^::'jaio lor aC-.^ncec nn.etal etchers 

• walls ano oihe' components m pinsma 

•east a surface ooaion lacing the ptasmci 
ce mriy oe either a bulk rnatenal or may 
v-srooe ts thermally sprayed 
'eacior m whicn oofon inchtonde is used 
-e^ plasma de-sities 

• iro should be n^easured at a variety of 

: :an oe used selectively in those locations 

--^ r.at IS bare except for a native oxide 
aye' \t the unoe^iymg aluminum is rough- 
Z' 5 Cray coatinc a c-ar-c ol the underlying 
=!ic-n SO tne boron carbiae is sprayed both 



c^'O ^ IS scricm^iic cioss sccbcvv-ii vic*v o< pi/ism*^ JCiCioi 10 w*^cn mo fnvcniK>> on .-»dD'iCc 

2 IS ^ octSDcciivc v»cw -1 D'iM inc pusm^ fc^cio* oi Fig 1 0^nQ snows the view nnc i - » o' ' 
PJG 3 IS ^ scricm^iic v»cw ol inc pUiccmcni coupons wilhn /i pUsrrvi lO^lot to* ciosiO»i icsiina 
FjG 4 is ocfSDociivc v»cw ot tx>fon cnftxJc mcmbcf locmccl to' use ^ pttsnrvi io^cio» 
FiG 5 js - cross scciion^i view 01 <i mcmdcf p^niriUy cove/eo wir ^ inerrrwitly spf^yeo co^»ina 
r iG 6 JS 'I mic^OO'/npn ol DOfOn c-^rbtOc IhCfnrviHy so'iyed 0<i Dnrc ^iuminuin 

rlGS 7 nnO z ^ro nr>CfOgr/iD^»S il (wo mnQnitiCHlOfiS DOron CnrDiao lhoim<iMy spfnyed 0«^ /inoOi/Cd <iiumjnuj' 
FiG ^ IS microqfripn boron cnrDide CVD depositee on Hlumnum 

'C We riHvc louno inni txyon cnrbidc pHflcuinriy BjC ts fcsisinni to /i hiqn-dcnsiiy BCir pinsmn Boron C/irOKJe is 

well Known rrviionrti ouiside o* ine scmiconduciof mdusm/ S^^^Ifer pfovtdes overview ol ihe nriHtoriHi in •Enqtncefin^; 
Properiies ol Crt^Dioes ' Engineered MHten^ts Handbook vol 4 "Cer^mtcs ^nd Glnsses' (MnierMis inlofm;non Sc- 
cieiy I'^^ii pD rC4-rG7 r43 844 H is widery used as ^r. ^Df^sive nnc -hs ^ modCfHlOf tor IhernriHi neulrons m nucle^-.' 
fC^*ciors Sioicrnomei.'iC B^C rws h carbon weipnt IfHCiKXi o* 2i 7?'« Sn^itf er stales irwi most commercial boron carbioc 

' ^ IS tfi composite of BjC anc graphitic carbon On the boron-ricn side ol BjC slo^c^lomelr^c B, (14 6 wt*".. ol carDon . 
has been dentilied No siochiometnc phase h>is been identified on me cartxxi-nch side The boron<arbon phase 
diaqram shows euieciics at about 2i60*C lof X wt"f. ol cmton and aooui 1900*C lor 2 wt*"© ol cnrtDon No iiquic 
phase exists below me lower of these lemperalures ana the melting po<nt of B4C is given as 2450'C These varous 
compositions snow inai an nteresiing range of boron carbide corx:eniral'ons extends from 14 to X wt^'o ol carbon 

^0 and y£l mote mieresunq range extends from 18 to 25 wt°o ol cartxx^ The coefticient ol thermal expansion lor BjC 
IS about 5 54X lO'^/'C Its therrrjal conductivity is m the range ol 26 lo 50W^*K at the temperatures contemplated lor 
semcofKJuctor processes and its room temperature eiectncat restslivny is m tne range of 0 1 to 10 ohm<m Its low 
elecinct^l resistivity allows a channber wall composed ol boron carooe to be electrically grounded or even biased as 
IS required lor some etching processes 

BjC and SiC are the onfy known covalent carbides ar»d B4C forms with a rhombohedra! crysiallographic structure 
Other common carboes wtiich comprise Ti Sr Nb Ta Mo W Fe Co and Ni are ^itersiitiat carbides The covalen! 
carbides show excellent thermal and chemical stability and extreme riaroness 

Boron carbide is conr>mercially available m at least tnree lorms srtered or hot-pressed thermally sprayed CVC 
(chemtcal vapor deposition} and a converson coating 

3C Since hot pressing is a variant of sintering the two processes will be discussed together Sintering ol BjC is « 

developed technology See for example U S Patent 5 081 077 to Tarn ei ai and Shaffer ibid, and the references 
cited theren Smtermg consolidates a powder of boron carbide »^to a gross body and the composition ol the powder 
determines the composition ol the sintered body B4C powder is commercially available Irom Hardface Alloys Inc oi 
Same -e Springs California An improved lype ol this SjC powder nas nao its impurity levels characieri/od with !ne 
highest impurity levels being 2000ppm lor silicon. SOOppm lor iron 270ppm for aluminum and 4dppm for magnesium 
Commercial suppliers of custom shaped 84C sintered parts rclude Ceraoyne Inc of Orange County California 

Stnienng allows bodies of somewhat complex shape to be formed includng rry^l chamber parts However ir 
view ol the apparent need to sinter B4C under pressure it is preferable to form less complex shapes and to machine 
the sintered body to confofm to fabrication tolerances We now know that onJy portions of the upper housing 14 of 

-•- FiG5 * and 2 .-tre s-jDjeci to extensive erosion of the rtiun^inurri anoc,/aion Hence it is preferred lo separately (ofj^ 
the portion ol ine upoer housing 14 above the lurti>o pen 3c as a sp<3cef nng 50 illustrated m perspective m FIG - 
when would oe pace-d between a vertically truncatec upper housing 14 and the ceramic dome i2 with necessar-. 
Vdcujrr. seals piaceo between the three memoers II necessary gas OMhces 52 rnay be lormed in me rmq 50 but it is 
preier.'cd ti~.ai these oe moved to the readily machinable ^iuminum uocer nousinq 1 4 if the relocation does not degraoe 
the process nor move the eroson mio the nnodi^ed upoer housing 

A not-pressed BjC spacer ring has been obtatnec ol the proper csmensions lor the chamber of FIG 1 it dK3 nc- 
contain ^ny nc/zle noies but an O-ring groove was macnmed mto ore ol tne nnnuiar end faces with a diamond -iiooec 
ioo« 

Tne second rr-iemod ol forming the boron caroide su.iace is 10 merT-iaiiy spray a relatively thm layer ol boron carOfCr 
onto a sjDsiraie aiready formec m the desireo shape 

Tnernr.ai scravtrg is a somewhat generc lerm inc!'-.a!ng a nurr.c-e' oi aislmct orocesses as is explained by Pa^- 
Iowsa ip Tne Saerce anc Engmeenng oi Thermal Spi^y Cod'jngs ^V/ftey i 595i op 2r*52 Most ol the meihocs jSr 
a Dowder having the desired Imal composition in this esse of ooron raroide and oreferably ol high-puniy BjC 

In ^lame spraying the powder is mixed with a comoustioie gas ana is ejected at high velocity through a hicr- 
temperature flame of the gas toward me sucstraie to oe :oate«3 The oowcer arrrves at the substrate in n moUen si-i:- 
tn nigp-veiocily oxy-'uei soraymc tne oowoer is mixec mio a burnmc 'ue' stream 

.r. flimospneric -lasma sprayng tne powoer is mixec into a sir6-»rri 01 men 'gas passing at high velocity oeiwee' 
two eiectrc-ces Tne e»ecir?c^iiy oiased eiectroaes forr* a oiasma fa-.s ciscnarge) ol the gas with a very high effecf.r 



.o.n,)CM.u.c Thcou. ■no.>cog«s.naon,M.oco.no.,cnDo*Oc..so/ iO.i mc soDsimi^ o.^ cr.,oc 
Di.S.n. ..D-ynt; Ihc OO^. -s maco .n.o . pUsnrv, bc.m „.vel*ig m.ooqf, . v^uum ,ow-' . .no SoOSH..-- P.^si 
SO.^tying sciv.ccs -i.c ^v.,rt^D.C l.om APS N/tilc.iHts Inc of D;iylon Oio 

"C'O"-;^; *^ sP'-y-Q Powoo. .odcomo«s.*>lc ^re ch.rc^»«e. coseocndo. . bnuc s^„.. ,o . u.- 

coo o ,nc .ow.ro .he suos.Mo Oc.on;„«o^un spr«y«q .s .v..u,bte .s O-cun- ccv,..qs uom P,.J„ t: 

0,nc. vH„Hn,s o. .nose .ncrrv,. spr^y processes nre .vH,u,t,Kj m wncn hkc .r,c .oovc oescr-oco processes . 
'Tn'nT"'\ '^K^-.err^era.ure g.s s.rcnr. ,o .t>ove ..s ^ennq po.m 

^suMnr,, n.gn.ve.oc.,v 9«s s.re.m nr^d en.M.neo mo«er, powder mnier.., s.r*e .he sobs.rn.e .o be c^.eoTe rTx,..en 
powaer so.<l,..es on coni^c w..h ,he suDs.rn.e .0 tocm ihe coaiinq ol the powder m;i.ena. 

MHoy forms ol .nerrrv,. sp.Hy.np c«r, pe economc^iv per.wmed However ,ney pener...v reou.e reu,..veiy i.ro« 

oe-og co..eo or ^.s, ^ sorr^e processes gre«.er .har, a g.anc.nq ang^ As a resul. coding cornptex.y I^p'o 
p.r,s o. mc^eraie s..e presen.s a prc*..em Fo. e.an,pte weoW Pe very d.««u., ,0 coa, ,he .s<,e^he ure^^'n 
3e Of the pump siack 40 .n the upper housmg M d FIGS 1 and 2 

However wo h;<ve lound Iha. only ar, zonular band on ,he inner cy.,ndr.ca. surlace above the lurbo port .s sob^.ed 
.0 s.gn..«an, eroso. Based on ,h,s observa.on we have labncated and .es.ed an a.um.num upper^s-no ^h ■ 

^e^oTIc rr°""' °' '^'^ "'^^ ""P*^"' '^-^ "0- 's.ng w«e.y spaced 

:n^l^?.rs,~;""'°"""'""'^'''^'""^'^^^ as..l«sua.ed.F.G 3 demons.rH.eTheu..;^.h.s 
A ponKXi o< one aiumrnum upper hoos.ng 14 s UlusCra.ed tn cross secien « FIG 5 havrg an O^g groove 53 

^yertt;:: XZss of ar:.?r '"^^ °" ^" '^•^^ "'^^ a s.andard anc^.:,." 

hH^rr K L ^"^ " ^ ''^'^""^ '^'^ anod.za.Kx> On »,e upper 

.he anod.2a.,on ,s mach^ed away over .he 0-r.ng groove 53 durng rts lerm.ng The anod.ia.on ,s also renSr-d on 
one s.oe and replaced by a ncRel pla.^g 55 .0 provKle elec.rK:a. contact betwL chamber pa^ 

csr^T'Zl\r^"°^V"'°°'' "^""'"^ ""'"'"""^ P'^"^* ^ '^^^ •O' '^erma..y sprayed boron 

h? m n". carboe .ends to pee, from the anod..a.on over a smooe, alum.um surtace I « beheved th^ 

^ri r"""'!: '''' ^"'^'^ '^•"^ h.gh-vetoc..y sprayed ma,er.ai ,. ,s preferred Z ,he 

boron carb.de be sprayed on raw a.um.num whch « so..er and more read-.y bcx^ds .0 the boron carbKle Therefore 

ZTT.^ ^ ""^^ "^'"^ ^ ' ""^"^ ^•S""'""' « -^s-^ed OH and qr.t bb^st.ng r^es 

T^^L n ^ZM^ T * """""""^ "PP*' '^"'"^^ M Therma. spray coa..ng thcKnesses of 5 

Thl n i^T^'' '''"^''^ """^ ^''^"^'^ ^'^^ °' '^^ rates descried below 

I t ntlTT "r"'''**^ 21"^" ^'^y-^S ^^^"^ « "^'-e oxKle layer bo, lh,s 

hrts been shown .o provide a good base tor the Ihermally sprayed layer 54 

Of ST^" S ' h"^' ^ '"^ "^'^'^ ^ '""^^^'^ °' ^'"^"""^ a«oy A,606l -T6 10 a thckness 

°s sStT.r. ,J nn r r'"^,'^"«^"°"«'--"'^'^e««P<«e<^edgewaspol«hed The ..um«um substrate 
rVm ^nJ,r T '""^^^^^ '0 « surtace roughness o( bo.ween 50 .no 

75Mm The rougnen.ng .s no. considered necessary bu. .t does increase .he conesic. o. .he .herm.„y sprayed coH.mq 
on ,ne «^urn.ur. ,n general .ne rougnness shou« be .ess .ban ,he .h.cKness of the boron carbKJe coa..nq The material 

decrea esrw- rl ..T T ''''"^ "^'^ ''""^'^^ °' "^'^^ '^^ cav.taL 

Jh'r^ n m . ? " " '"'"'^^'y P'^srn^. sprayed B,C on bars 

aluminum h<ive shown a consisieni peel s.renqth ol grea.er than lOOOosi (7xi0* Ni/m^i 

However a ,-TXDre senous poteni«l problem ar.ses m the ta.i 60 of .he B,C layer 5S ovo-iv-nq .he eoqe o. ihe 

n^L .oTa'' ' " ^^'^ "^"'^ '° '''' ^'^-'"^ - c^eJJ ,he .a'eo would 

no. also peel Any oee.mg .wo..ld allow the BC, to undercut the B,C and .0 even.ually a.tack bare aluminum 

,n.en'd.d !nn r! ^'""'"^ "^.r^"'^""" ' ^ '°"5^«"ec w-thin a band 52 surrounding ,he 

oc^lVZ -: IT ' '''''^^ "'^"^^ '^^ '""^"^^^ '^^"^^"^ between .he 

^nZ. tZ:.,T ^P'-^y^^ -"'^ '"e 0.re «,um«um I, shou.O 

arb d! u . . T '''^ °' '^^ 54 .el, remaming so as .0 .ccommoda.e .he boron 

carb,ae .ai. oO A.so a sorr.ewna. sma., annuter band around each of .he gas nozz.e holes 52 is rouqnened .nd .he 

ur^.'-V°rr- "'^"'^^f:; 52 The roughening .s performed by gn. oi.snnq and produces . 

r";?::;'?''o ' =° -'='°-<^^« 5 -o 3 3.,m, a,.hoogh (he rougnness -^u^ be effective w-.hin . w.der 

aXitti n ° ' ^"^^^ rougnened aium«>um .s then anoo.zed to . thcKness o, 

abou. ,0 to 75nr^. .re surface ol the anod.zation ,s corresoonoing^ rougheneo Tests have shewn .n„. oee. s.renq.hs 



oi i^' iv:'J B/. co^( 01 fou'jtionca -inooi/^hais -^lo nKiC^scc •( csuiis 'lOov: «o - .. . 

^iu«ri.Mutn $now in^i mucti cjic-tic? jouonncss '5 sti» cMcctivo io»)0 ituco'i' -i^'OOi/cc ..i,. y • 
C/^i'. tonnccJ ovcf the lOuqnc'' ^lumnnum 

Ar^ -iiumiiuim uDPCi nousmg tu whs Ubuc^iod wilh mc Qcncr^J siii»ciuic snown m mc pcrsoccuvc »/iC** 0* -iG : 
The oiipoiea HiC'i 5? fco'cscnis mc ifcn oi 84C sp^y coiiifig 

TCSI COUDOI1S were f^OiKlHlCO 10 aCfno»1SlfHlC Ihe tC/iSiOihly Ol SOMv COHluiq DorCXiC^'DiaeOVC .OC./eo^tum.r.J.- 
A rntCfoaMph in PiG 7 snows ihc rouqnonca aluminum ^lloy suosif^ie ots the icti ^na -.DOu! 2515^. oi -moCf/iito- ovc- 
ihc suDSir<iie The suDsif-^JC rouQnncss proonCHics ihfouqn ihc ^noaiz-^noii A BjC Uycf w-^s rnon oUsm^. spf-.ycc 
ovc' Ihc rtfiodf/rtlion 10 H thickness of ^bou\ 225tir7i lis surUcc whs fcuiiveiy smooth compHfOO ic (hHi oi mc .moo- 
/rtiion Aqflin ihc irvitcnHl on ihc cxucmc rignt is only (or mounimq !hc s^^moJe SuDSianuHi c-^vUHion qI mc 3jC 
occurred Hdj^ccni to ihe HnodiZ/nlioii alihouqn it is noi HppHfcni m ihc microgrnpn ol FiG 7 However the cnvilHUon 
docfCrtSed lownrd the BjC upper surlncc ns shown in ihe microgrnpn oi FiG c wnKin hi 5 limes me rrvKrU'C-^non oJ 
the microqrHph ol FiG 7 

in Hh nliernrtiive emt)oOjmeni no*ic ol ihe nnoai/Hiion is removea oul hII ihe porions of ine cnnmoer whII whicr 
Hfc to be 84C sprnyed are roughened prior 10 nnodiiralion The fesuliani ihermally sprayed B4C cociimg hns been 
observed to HdequHieiy adhere 10 me Hnodi/diion 

The selective deposition ol ooron cnrpcje onto otherwise nnodi/co Hlummum is pdnicuinriy cost effective Even 
the reiHtiveiy inexpensive therrrv^i sprnying needs lo be perlor med only on h reiHiiveiy snvill area ih^i is ensiiy nccessibic 
10 conveniionai sprny guns 

As tnr Hs we Know boron cnroide hns never belore been depositea on Hiuminum 

A third nr^ethod ol lorming h boron carbide suflace is lo deposit boron carbKJe by chemical vapor deposition (CVD) 
The deposiiion ol B4C dims by ihermal deposition has been describee by Sinion ei al m 'Advanced Ceramcs by 
Chemical Deposition Techniques •>^mercanCeramiCsSoc«/y8u/ter/n. vol 67 no 2 i965 pp 350-55 The gaseous 
precursors are BCt3 CH^ andH^ and ihe Ihermal deposition lemperaiures is between 1200 and 1400"C Acommercial 
supplier ol thernr^t CVD boron carbide coalings is Ullramei Inc ol Los Angeles Calilornia it is possi)l€ lo deposit 
boron carbide by a plasma-ennanced CVD process as »s done for a wide class of other maienais Known precursors 
lor PECVD of boron carbide are BoH^ and Ch^ Plasma CVD allows the use ol suosiraies having a much lower metung 
point The use of BCi-, as a precursor for BjC shows the unlikelihood mat BjC will be etched oy 8CU Furthermore 
me elevated CVD temperature relative to the operating temperatures of plas^r^a etch reactors lypicall'y no more ih^n 
200 10 300' C snows that the B4C will remain stable 

CVD films of B4C have been ihernriaHy grown on graphite coupons An SEM mcrograph of one is shown tn FIG 
9 The graphite substrate on the left The B4C is CVD deposited to a mckness of about l80nm The material on the 
right IS only for mounting The micrograph shows that the CVD boron carbide has a bumpy surface with surlace features 
of dboui SOpm height despite the relatively srrrooth graphite substraie We have found it advantageous to polish tne 
CVD B4C dims wiih a 600-grit silicon carbide polishing paper to provcJe a much snrxxDlher surlace Thereby the BjC 
layer mside the plasma reactor can be easily swabbed during rouime chamber cleaning it is aniictpated that wtih more 
process development m CVD boron carbide the bumps can be reduced or eiflninHled 

A fourth method of forming a boron carb«Je surlace is surlace conversion m which ihe underlying substrate is 
reacted with a gas or liquid reaciani to form boron carbide coated onto the substrate For exarr^ple B^CXj reacts with 
a grapniie substrate to form boron carbide Claar discloses examples of this general type of conhng orocess m U S 
pHieni 5 250 324 A commercial supplier of conversion coaling ser^'iccs ts Hitachi ChcmiCcits !nc 01 Tokyo Japrin 

A numoer ol coupons ooth of the mvennon and comparrtiive samples were prepareo and subjectea to the same 
ruGr. aensily DMsm^. eicn of BCi-_ '^nc Ar lor four hours The oaia lor the cnrimcer coating is niso mciuoec Tne 
rri^jiimom erosion r^ies measurec on the samples ^re snown m TABlE 2 



TABLE 2 



Materia) 


Form 


Maximum Erosion Rate iiim/hr) 


3,C 


Bulk 


<0 025 


B4C 


Piasmcj sDf^y on cn^moer Aait 93*^o-pure B4C 


<0 025 


B4C 


Plasmrt soray on Hiuminum coupon 99 7^o-c-^e 3^C 


<0 025 


BjC 


D-gun on aluminum coupon 


<0 025 


s,c 


CVD on araphite coupon 


<0 025 




D-gun on aluminum 


035 


Anooizaiion 


Di water seated 


2 54 
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C-276 'illoy 


1 / r 


AUO- 






AUO- 


D-QUO 


t 3 • 


AUO: 


SO-qun 


0 r6 


AUG; 


SD-gun on nnoOi/Hlton 


2 )E 



n IS mus seen in<ii B^C shows vasily reducco erosion frties compared lo co^ivenion^i m^icMis Erosion r^ios bciow 
0 025iiin/hf wofO noi mcHSUMDIc wuh our cxDOf<mcnis At Ihesc CfOSiOn tn\os o' 250nfr, !r.<- BjC spr ^y coiKng ^ 
minimum puncture lUettme is 10 000 hours o\ ooer^iion 

An <iliemauve material thai appears to snare mnny ol the erosovresisiani qualities ol BjC is silicon nunoe oar- 
ticularly Si-.Nj Initial coupon erosion tests snowed nearly equ^i eichinq rates lor the two materials m a 8C5-. htqh- 
density plasma Silcon mlnde is available m both bulk nnd coated lorms Bulk s«licon nnr»de car. oe lormcd by smiennq 
Silicon nitride iilms are widely used m semiconductor integrated circuits ^nd their deoositcn by either thermal or 
plasrrw -enhanced CVO is a well developed technology Allemaiively silicon nunoe films can be iherrrviily sprayed by 
the processes described above Thus silicon niinde can be beneficially subsntuied lor boror. carooe m all the uses 
described herein A disadvantage of silicon minde relative to boron carbide is us very high electrical resistivity com- 
parable to mat ol alumina Hence a chamber wall of Si^f^4 cannoc be electrically controlled 

An imporiani consideraicn lor a coating msKJe a vacuum chamber is the amount of water uoiake Plasma reactors 
being used lor serr^iconductor processing need to be kepi clean and thus they need to be perKxJically wet cleaned if 
the wall lakes up loo much water in the cleaning process il may require several hours of pump down to return the 
vacuum to the desired layer A senes of expennnenis were pertocmed on sintered and plasma sprayed coupons The 
coupons were boiled in water for i hour heated m air ar 130*C lor three hours and again wiped to remove white 
deposits which tended to form The weights before and after this test procedure were compared and normalized to the 
surface areas The inventive samples showec surface water absorption rn tre range of 0 0009 to 0 00i8g/cm2 which 
we believe are very good Operationally we found thai a B4C coating chamber after wet cleaning couW be rapidly 
pumped down to a high vacuum 

Much devekDpmeni has been expended on proving etch processes based upon standard anodi^ed reactor cham- 
bers Acceptance of ihe boron carbide reactor ol Ihe mveniion would be greatly expedited if the subsuiulion of boron 
carbide for anodized surfaces can be shown to only minimally impact the process for this reason a standard metal 
etch recipe was used both m a conventionally anodi2ed chamber and a chamber having a rrig us wall covered with 
plasma sprayed B4C The etch recipe included BCI-, Cl^ and Ar at a chamber pressure of i2mTorr The inductively 
coupled plasma source power was about ISOOW and the pedestal was biased with between 145 and 200W of RF 
power The boron cart<3e chamber showed a marginally tower aluminum etch rate and a marginally higher oxide etch 
rate The etch uniformity was somewhat better for the boron carbide chamber The vertical profile and smoothness of 
the exposed aluminum hnes were inoisitnguisnable between the two reactors Tr.e selectivity between aluminum ana 
photoresist decrortsco by about 5''u Both ro^ciors produced a rcsidue-lree -iiuminum etch F-.nicle lesis h^ve shown 
that the boron carbide coating does not substantially increase the numoer d :--iritcies Metal coniammrtnis m the wafer 
rtre acceptable 

Similar processing compatiDiuty tests were oerformed with the chamoer un.formiy conteo with S^C over anodi/oa 
Hlummum Again only minimal differences Aere observed 

Based on these results it is seen ih^t boron carbide nas minimal eftec! on ire standard meiai etch processes 
Although the major examples have induced an aiummum chamber :of n rretai etcn reactor the invention is not 
so ttmiied Alummum-based materials are he-e.n mean; 10 include diumintj.'r.-cor;:r..ninq mater ais inrtt Ccin oe cinodi/oc 
to form alumina Aluminum-oased materials include substantially pure aluminum well as atummum aikDy An alumi- 
num alloy IS unoerstooa 10 include materials including at least 90 wt^o elemeniai .aiuminum. ana additional constituents 
sucn as copper or silicon 

Hov;cver ooron c^-iroide can oe ccaieo cr otner materials sucn -,s stainless s'.eei -ma oiner sieeis Graphite nns 
already oeen describee as a substrate 

Boron iricnionde is a panicuiariy harsh eichani oui omer pinsma processes introduce chamber problems that c^n 
be benelictaiiy addressed by «he invention 

Although me mvenuon nas t}een aescfioec wun resoect to cnambo: walls c-iner oaris ^^r-r. oiasma reactors c.-ir 
oeneni ifom :ne inveri.on io.' example eJecirosialtc cnuCKS waier ciamps piasr^.^ locus nrgs no^/les ana snowei- 



nc-as to* ptOCCSS*^<( . CIC The Mivonton C^n -ISO DC ^I.CO 10 .Ct:' ^MSfTV, soo.ccs ^".c :n.-r - 'o.,.„. , 

tn^,n i;..occss.nciCfvir.Gc. A romoic d^Sirv, scu.:o cxdcs .1 ic^s: -D.!^ : v^smocm; o» tr.c D.occssrn:.. .-to p.- - 
pHOMC inc 'j^S Cnicurq Ihc 'TViir^ cn^^moc " ' ' 

II .s inus seen irv,i .nvet^ico c^n sut>si<inii^ny icoucc ^ cosny pio6*cm *v,in croson ov ^ iow<osi fio.oic rrv^^cc 
ihHt rvis m»i«Tv,i »n(v<! 0.1 ihe pi^srrvi orocess A cnnmoer w.ii o^x ^.m.n ihc cn^mocr .5 .ssurcc . i.-nj,vc.J ^- 
pioOucion itic oesoiic Ihe couosive n-iiufc oi pusmn 

Claimt 

1. A CGCipoSilc siruciufe comprising 

.-in Hiumtfium-Ortsea subsuaie ^nc 

-1 layer bcfon oifOioe coaled upon SdO suosir.^ie 

2. A siruciure rts cla^ned rn claim 1 wherein satd Inyer comprises B,: preJer^oiy pe^ncies o» 3^0 

3. A siruciure as cia-med m claim 1 or cia.m 2 where.n sa«3 layer cofrc^ises a composition beiween B,C and B, .0. 

4. A suuciure as cti.med in ^ny one o\ claims l (o 3 wherem said layer ccKTipnses beiween 1 4 to 30 wi-o o( carbon 
relative to ooron prelerably beiween 18 10 25 wt^o of carbon retai.ve lo Doron 

5. A structure as clamed in any one of cla.ms 1 to 4 further compns.n? an anod.^ed lavenniermed.aie said suDsirate 
ana said layer o* boron carbide 

6. A structure as claimed in claim 5 wnerem said substrate underiyr: saic anodizeo layer .s rougnened 

7. A structure as ct^imed m any one o\ claims 1 lo 6 funher compr.s.ng an anodizat.on layer overly.ng at leas' ^ 
portton o* said suDsirate 

8. A structure as claimed m claim 7 wnerem said anodizaicn layer overlies only a tirsi portion ol said substrate and 
Srtid layer of boron carbide overlies another second portion of sac substrate 

9. A structure as claimed m cla.m 8 wherein said layer of boron carbKJe over both said second portion of said substrate 
and a portion 0/ said anodizaticn layer adiaceni to said another ponon ol said substrate 

10. A structure as clatned in claim 9, wherein a portion of said substrate mciudinq a transition beiween sanj first and 
second portions oi said substrate is roughened 

n . A pari ol a ciasrr-v, reactor comprising a surface poHion comprismc rcror carbsde 

12. A car: .:,5 ciatmec cia.rr. 11 where.n sa.d part comprises a sucsirate ana a surlace coannq mereover of 5«.c 
oofcr. carc-ae 

13. Apariasc«.meG.ncla.mnorcla.ml2 wherein sa.C p^a comprises S,C sinierea ooron carbide or bulk boror. 
care id e rrember 

14. A pan as ::a.rTnec -n claim 12 or cia.m \ 3 Atierem said suosirate comprises alum.num or grapnue 

15. A Dias.Tia r'lafTiGe* comonsing 

a vacuum cna.-^oer r.avmg at least one -ntel for a processing -gas therein and be-no aaaotec to receive energy 
10 exciie sa»c Dfocessmg gas into a piasma and 

a pan wiihir s.-!tc cnamoer facing saia oiasma comcnsmg bcr:- ca.'Oice 

16. A plasma cnambe- as Claimed in claim 15 wherein s«id oart comr- 505 a surface oorfon comcr.s.ng B^C 



18. Aotisnv,ch^mt)ct -iS cUmco n ^ny one oi cuims 1 5 10 1 7 vvnc'cm s^id onfi corr^onsos SJOSU^Ie ^nd ^ Suf i-iCC 
COiliiQ IhOiOOl CO»npiiSing ViO DOfOfi C -iiDtOO 

19. A Dtism^ cn^moci /is cUtmcc m .my oric ol cimms 1 S lo • r wnercm s-^*C Q^.r lomof-sos -i Oj**^ oofon c^rricc 
iTlC>TiOCr picicr^dly SmiCfCC »0r« C^fOidO 

20 A oUsrrvi chrtmDer hs clHimec «r ^ny one o( cUums 1 5 «o 1 9 (unher compnsmci ?i suosiraie s jooon for suooorlmq 
^ substfrtie selectively mscned »nio s^io vacuum cnHmbcr »of processinQ by s^iC Diasmia 

21. A mcmod (Of lorming ^ coHlec ^num-nu^^-DrtSeo mcmoc comonsjnq dODOSHinc ^, Uyef co^cfsina oofon CHftD«Ge 
upon ri suOsiraie compftsinQ amminum o* an >iiioy ol aluminum 

22. A memod ris cUimed «n ctiim 2i wMefem s^iid deposiimg siep comprises mermai spraying ic lorm said layer uoon 
SHid substrate 

23. A method as claimed m claim 2 1 or claim 22 wnerem said method comprises chemical vapor deposition or surface 
conversion 

24. A method as claimed in any one of claims 21 to 23 further comprising roughening said surlace to a roughness ol 
Hi least 2 Spm 

25. A method as claimed m any one o( claims 2i to 24 wherein no more than a native oxide of aluminum intervenes 
between said substrate and sacs layer 

26. A method as claimed m any one of ciatms 21 lo 24 (unher comorismg anodi^tng said subsi^ate to form an anodi- 
/aiion layer and wherein sa«a oepositing step deposits said layer comprising boron carbide 'joon said anodizaiion 
layer 

27. A method as claimed m claim 26 further comprising roughening said substrate prior to saic anoduing step 

28. A method of forming a layer on an alummum-based substrate comprising 

roughening at least a first portion of said alummum-based member 
anodizmg said aluminum-tDased rT>ember to form an arKXjizalion layer and 
then deoositing a layer cc-^nsmq boron carbide 

29. A method claimed in clair*, 2= (uriner compfjsmq removing said rtnod>z-»tion irom a second portion of saia 
member adjacent (o satd firs: oon»or s<ik3 rougnened tirsi portion extending oeiow a portion oi said anoai^^oon 
left by said removing step 

30. A plasma process method comprising me steps of 

orovidina a plasma reacton chamber having an interior surface compnsmc ocron chrz de 
placing a workpiece to ce processeo m said plasma reaction chamber 
inicctina a Dfocessmg gas mio saia ciasrT..T reaction cr.^mber ^nc 

coupling electrical energy tnio saic plasma reaction cnamoer to form a plasma of said process»ng gas to thereoy 
D'^ocess said workoiece 

31. A .me-.-^co as daimec m ciaif* 30' Atierem saic processing -jris comprises cnicr.ne or oorcr. incnioriae 



-I v-icuuin cn^moc' h^vinQ ic^si one mici lot ^ O'Occssincj OiS therein ^nc3 Dcmq ^Oipica !c rccc«. 
ic cicno s*-iiG C'Occsstnq mic- 1 ot^smrt -^nc 

Orif! A-imm ^r:a lorrr.mq Q^n oi 5^ic cn^moc? l^cng s^io puis-^-. -ina como».sinq smcon .mnac 

A pusm;* cn^mber cUfmcd m ci/nm 33 wnerem s^»a o^n comprises ^ subsUAie ^od <^ surt^cc co^hr 
si»icon niinde or Sno o^ri comprises h ouik ponon o» s^id silicon n.if oc 
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